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I, Further Observations on Cutaneous Reactions in

e~ ——————— i >

Pneumonia with Polysaccharides and Proteins of Pneumococcus,

(Dr. Tillett and Dr, Francis)

) In & recent article observations were reported concerning
cutaneous reactions obtained in pneumonia following intradermal in-
jections of the type=-specific polysaccharides and proteins of Pneu-
mococcus, The results may be sunmarized as follows? During the
acute phase of pneumonia no reaction can be produced with either
fraction. Following recovery, however, two responses are obtained
of entirely different character. The protein reaction, which
reaches its height in twenty-four hours and gradually fades away in
a few days, is tuberculin-like., It was elicited in most of the
convalescents and its presence or absence appeared to bear no rela-
tion to the titre of anti-protein precipitins present in the serum
of the patient.

On the other hand, reactions obtained following injections
of the type~specific polysaccharides of Types I, II, and III, pre-
sent several significant characteristics. In the first place,.it is
a partiéulérly interesting facf that these bacterial sugars, protein-
Iree, are 6apable of causing definite reactions in humans, In the
second'piace, the charecter of the reaction is unique in that it ap~
pears wi@hinva fef minutes after injecfion, is "wheal and erytheﬁa"
in type and fades away in a fow hours. When a positi@e response
was obtained it was always induced by the Polysaccharide homolo-
gous in type to that of the infecting orgeniem, For the polysac-

charide reaction to occur it has besen found that certain conditions
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are essential, na&ely. the natient muet have rec vered from ar infec-
tion with the hrmolegrus crgsniem acd circulating tyoe-soecific anti-
bodies must be precsent.

Ir. continuing this etudy f cutanerus resctirne, these lat-
ter orints have been given s-ecial c-neiderati~n because ~f the ~re-
sible ~ractical annlicatinrne. One -f the ~ractical ~rints is crn-
nected with serum theravy in Ty—-e I »nneur~c-ccug nneum-nia. Inscfar
as our exvnerience has grné. it avmears that when a matient, receiv-
ing serum, reacts t< the intraderwal injectirn «f the Tyne I carbu-
hydrate, it reans that reccvery has -ccurred and n - wnrre serum is
indicated. This ~rincinle has been frllewed in f .urteen cases and
has “cen found devendeble. - Additicnsl evidence of the reliability
+f the test as an index rf rec-very ie fcund in the Tyne I cases
which, though treated with serum, died, There have oezn fuur in-
stances «f this kind. Althrugh sufficient serum was given to wain-
tain an excees «f antibcdies in the blccd -f these matients, and
althcugh in twe cases the temyorature wae markedly reduged, at ne
time was a mositive cutsneous reactirn nr-duced by the Tyne I_car-
bohydrate. In fcu£ casos ~f Tvne I wncumcnia, in ~hich no serum
.wag given, a nésitive test wass cbtained crincident with rce-very.
Frem the observations wade ~n individuslg i1l with Tyme I nmoume-
crccus vneumenia, it seems juetifiable te cenclude that skin tests
with the Type I mrlysaccharidc sre canable ~f furnishing inferma-
tiorn of oractical significance.

In cases of Tywe II and Type III pueursc:ccus infecticn,

the results ~f skin teets with homrlrgeus cerbohivdrate shew that
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about fifty per cent -f the cascs rcact. The acc:mnanying teble
surmarizes the results. The fact that s--e jndividuals rec vered
frem Tyoe 11 -r Tyoe 111 vwneumrc’ ccus infoetinon failed tn rcncg in-
tradermally, although thevy n-ssesscd circulating tyne-succific an-
tibrdies, indicates that all nf the factrrs invelved are nct yot

understcnd. Investigation ¢f these ernditirns is being enntinued.

! Trvos I Tyme JI ' Tyne I11, Groun IV 'Tyne IIA
N, of cascsg rec vered 218 17 9 . 13 __ 4 2
'N-. »f coses rec-vercd i ' - .
givipg nrsitive rcacticn 18 ! 190 4 0 . Q
Fer cecnt f nngitive . . . l

reacticng 1200 : 58,8 | 44.4 0o .0
N-. ~f cneeg n-t reactinrg ;. 4 . 8 ‘ 7 14 | 2
Por cent fotnl 100 @ 12.5 | 28.5 7.1 Q0 |
Fcr cont recrvered ‘ l : |
_cages nct rescting 0 g5 | 625 © 929 | 100

II. The Develrament f Heter-lrerus Tyme-gnecific

An cdie

(Dr. Tillctt »nd Dr. Francis)

It ie well knrwn thnt ir ancumenin, enecific antibrdies rake
their ammesrance at crisis, tac time at which the onlysaccharide
skin test ie first derrnstrable. In the crursc of ~ur ~bservaticns,
1t has bern the custrm to test the matients at rrocated intervale
during the disense énd ccnvalescence. Recently it has been actcd
that about tw~ weeks after recvery a maticont may react te o noly-
snccharide, heterclegrus in tyme to the oneum-crccue crusing the
digease. Tests »f the serum at the timc «f such a rcsnense have
revealed the vrescnce <f snecific antibedies resctive n-t snly with
the orimary causative orgonisr but aleo with vneumce-cei crrrren-nd-

ing tyoe t~ the "new" smecific antibrdies. The crurse cf events is
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mcre clearly dewcnetroted by the accr~manving tadble:
Patient: R~-che.

Orgapigr derived frere avnutur i3 drieeicn: Type III.

Nurber «f dnys aftcor crigis

Type-specific
Agglutining . Qrieig 2 4 6 8 10 12 14 16 18 20 22 24

Tyve 1 - - - - ey
Tie 11 - - - i am ndl
Tyre 111 A ++ 4 4t 4 -

Thie vatient euffered fror Tyme III oneumc' ccue paowncnin,
At crisis her scrum sh-wed cnly Tyme III egglutinins. Sixtesu daye
later she orercased domrnasrable antibndies agoinst Tyoc II noncum cce-
ci ne well ag Type III. Twenty-f-ur days after rec-verv there was
oregent in her serum agglutining and sassive vur-tective antibodies
for each f the three fixed tyves.

Since obgervations of this character were first made, seven-
teen patients have been frllowed thr:ugh crivalescence. Of these,
ten have developed svecific axtibrdies heterrlrgrus in tyve tc that
of the infecting crganiem. The time cf annearance -f the heter~lr-
goue reaction has varied frem the eighth tc the thirty-sixth day cf
cenvalescence. The average time has beern abﬁﬁt twr weeks.

Althrugh an explanation -f the shencmencs can yetb be made,

- geveral prssibilities sugeest themselves. It is iuterestiig o note

that the patierts wh- develrmed heterrl-grus antibsdies had received
repeated intradermal injecticns «f minute d:ses -f nolysaccharides.
The pnssibility that these materials way be antigenlc deserves cru-

sideration. The recent w-rk of Griffith demonstrating the intercrzn-

vertibility of type-specific vpneum-cccci alsc suggests a basis £
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explanatien. Finally there is the rossibility that the distinctive
orocessces df pneumonia resolution ray induce elight alteratiore in
sore commen constituent ef the bacterial cclls (Fractiern "C"?7) and
that this, acting as antigen, stimulates the develovment of more
than on2 of the closelv allied orrumococcus tyoe-srecific antibodies.

III. Scrolegigal Repgtiore ir Preumenia with a

Nen-Protcin Somatic ¥ractior of Prcumococgug.
(Dr. Tillett ard Dr. Frencie)
Un to the nreosent time the two chemicel comstituerts of FPreu-
wwococcus canloyed ir serological a:d imiunological reactions have

been!
1. Soluble Swacific Substaice (tywe-sgoccific carbohvcrate).

2. Soratic Nuclec-vuretci: (s>ccics-swecific protein).

The »reeont renort ie bascd unoir observations made with a
third fractier (desiginted fractio: "C") dcrived fror pﬁouxococci,
and chemically dietirct frow the oth~r two. The exact cheomienl .a-
turc of Fractio:z "C" is boing investigsted by Dr. Gocbel 2nd hig
rosults up to the ~resent are renorted on m. of thie rcmort.

In thié comrunication it is sufficicut te stete that this substance
is non-vroteir and anwpears to bc & carbohydrate or glucoside comron
to xeumococei of all tymes.

Fraction "C" is obtaired ir the follewing manner: The organ-
isme cortained ir a broth culture of degraded, :on—fync eneccifie
pneumococei (R strain) are senarated by contrifugetior ard reogusven-
ded in normal salt solution in 60 fold corcentration. The tzctrria
pre then frozer and thawed soversl timee until dissolution trkee

place. 0.3 to 0.5 ce. of normal acctic acid is =added nid the golu-
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tion boiled for 10 minutes. The hcavy cosgulum thus formed is -re-
civitated by certrifugation snd the water clear suverzatant fluid is
removed and rerdered smcutral by the additier ef the ro-~cr arount of
norral NaOH. fThis fluid conteins Fraction "C". That Fractie. "C"
ig not a tyne-srecific carbohydrate is indicated by the fact that it
ig derived from nen-tyme smecific R strairs of Pneumococcus; that it
is not nucleo-oroteir is indiented by the fact that boiling the ma-
terial with acid removes protein to such an cxtent that the superna-
tant fluid gives nene of the usual tests for vrotein. Although fin-
al oroof as to its oxact naturc awaits chemicsl analysis, neverthe-
less, convincing evidence of the scvarate 1dentity of Fraction "CH
is brought out by scrological reactions.

Sera obtaincd at frequent intervals fror vatients acutely
i1l with or convalescent fror -“reumonia have been mixed with varying
dilutions of Fraction "C" aud the -rescnce or absence of precipita-
tion noted. It had beer found that serum derived fror a matient
during the acute stage of nneurmonia possesses 2 high titre of pre-
cinitine for Fraction "C". A day or two after rccovery this pre-
cipitating power abruptly and vermanetly disappears. The sera of
50 patients have been tested at frequent intervals frow adrission
to the hognitsl until several monthe after recovery. In every in-
stance, the blood obtained on admission has furnished serum capable
of vwrecipitating Froction "C" ir high titre. This hae been true
even of oatients in the first 24 to 36 hours after the onset of the
infectien. Individuals who have succumbed to wneumonia have main-
tained anti-"C" precivitins until exodus. In an individual 111
with preumonia, not only is the sudden apvearance of the reactivity

styiking, but the rapid disspnmearance of the phenomeron coincldent
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with recovery is distinctive. A few days after the critical fall in

temperature, the patient's serum fails comletely to vprecivitnte
Fraction "C". The nhenomemon way be further characterized by the

fact thot it is unrclatcd to the tyne of Preumococcus causing infec-

sk s e et ey g e arer

tion. %

The curve of the nrecipitin titrc of Fraction "C" is distinct- L

1y differecrt from that obtained by the use of cither the tymc-svecific

carbehydrate or the ruclco-pratein fractions. With scra obtzincd at

frequent intervals during the course of vneumoria and tested with pneu-

peemaca

mococcus nucleo-vnrotein, tynme-svecific carbohydrate, and Froction "CM, i

three distinct curves of vrecinitin content may be demonstrated. An-

tiprotein antivodics do not vary markedlv during the course of nneu-

monia. Type-specific antibodies are absent during the acute stage,
apnear at about the time of crisis, ard are homologous to the tyve it
of the irfecting organism. On the other hard, anti-"C" vrecivitins
are highest during the acute phosec of the disease, disapoenr just nf- ;
ter the c?isis, and are not releted to tyne-smecificity.

The renort so far hane been limited to 2 Hresentntion of
results ebtained with potients suffering fror opneumococcus infectiow.
Patients having pncumoni~ due  to herolytic strevtococcus as well as

individuals acutely 111 with other febrile disczses have been avail-

able for corarison. Patients suffering frow the following acute |
disenses hoave been studied: meansles, chicken-mox, acute rheuratic

fever, osteoryelitis (staphylococcus) walaria, tyohoid fever, tuber- ]
culosis._acute gonorrhea, and fevers of unkmown origin. Of this

group the natients afflicted with hemolytic etreotococcus pneumonin,

acute rheumatic fever and staphylococcus osteomyelitis, have wos-




sessed anti-"C" wreciniting in their serur when bdled during weriods
of acute infectien. Tests ~ade with seru~ fro~ the other cases have
siven entirely necative resuvlts. Through t-e courtesv ocf Dr. Svift
eara ehtrined at frecuent intervals frow fifteen cases of rrewratic
1ever have been availatle. Siuce, in this diseace, there 2re re-
lases, these csres have furnished instances oI inter ittent fetrile
and afebrile stater. 3v testins eera obtnined Fro~ such cares it Tec
“eas Tound thot ureci ntins for "Irwoction C" are »resert durirg ser-
iode of fever but abgent during revissions,

These observatiens —ade ~ith sera fro~ cnses other then
waeu-ococcus infection indicste thet the reaction is not smecific
for 'meumococeus mneuronia. It avmeare, however, to be li-ited to
discases associsted with gra~ dositive cocci.

The sisnificance of the serological reactien which has
been described is not yet clear. However, its unusval characteris-
tice both as to time of apvesrance acd ranid disapvesarance follow-
ing recovery, indicate that an unferstending of the factors concern-
ed in the nroduction of this reaction —ay throw additional light on
sore of the wmrobleme of acute bacterial infection.

IV. Chemo I-wunolosical Studies on Corjugated Carbohvirate-Froteine.

(Dr. Goebel)

1. Syuthctic Carbonydrate (Hexose) Protein Antigens:- In
the last rewort the synthesis of the P-arinovhenol glucosides of
sglucoge nnd galactose was Cescribed. It has since beon found that
when theée two carbohydrate Cerivatives, which ciffer froy ole an-

other only in the goecial configuration of the fourth carbon atom




of the sugar, »rec teund to »rot:zin, thrse “rotcin-sugnr comnlexes
ray function as cxc-~llent antigens.

It has becn found, furthermore, that when those sugar do-
rivatives are bound to the samec protein, thov exhibit distinet im-
manological ssecificity. If, on the sther hand, the same carbohy-
drate radical is conjugeted with tvo chemically different and scro-
logically distinct vrotcine both of the sugar »roteins thus formed
acquire a comman scrolegical svecificity. The ncwly acquired soc-
cificity of thre~ artificially wmrepared sugsr mroteins is determin-
ed by the cherienl constitution of the carbohydrate radical attached
to the mrotrin radical. Thus, simplz difforences in the molecular
configuration of a hexose suffices to orient protein smecificity
vhen thc corresnonding glucosides of the sugars are coupled to the
same ordtein. The unconjugated glucosidcs, though thomselves ot
srccinitable in homologous irmunc scrum, snocifically inhibit the
reaction betweoen the homologous sugar »rotein and its spccific an-
tivody.

Guinca oige have becn naseivcly sensitized with the serum
of rabbits immunizecd with theso syﬁthetic sugar proteins, It has
bron found thot they exhibit tymical asnsvhylactic stock when spbse-
quently inoculated with the homologous sugar combined with » wrotela
differont from that used in immunizing the rabbit. The reactions
are in each instanece enceific snd devernd for thelr snceificity on
the carbohrdrate radical and not on the orotein molecule of the s'm-
thesized compound.

Tho‘unconjugated glucoesides, though in themselves incap-

ablﬁ of irducirg shock, inhibit the anashylactic reaction wher in-
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Joected immedintely wrior to the irtroduvction of tb; toxogotle sugnr-
orotein. In order to olicit the ‘“henoveuon, tiz chrbohydrate aust
be the sove ng that combined in the sugar-vrotcin complex.

Thae, for the firet time, it hng dbe~n shown by direcct ~x»eri-
mental cviderce thot ngyretry of the carbor atoms im the sugar rad-
icnl sufficcs to deterrinc differercns in the snccificity of sugar-
protein antigeas.

2. S'nthetic Polveaccharide - Frotein arntigone. For thn

sakc of carrving this corcentior i.to the rcalm of bactorial wolv-
saccharidcs, vhere here again it ie bolicved that e ecificity ie de-
vendent woos the arrangement of the atoms and wolecules which go to
build ur the complex molysacchrride, it —as thought mossidle to com=l -
bine them with foreign vrotcin, and thus to recnder ther antigenic,

ard to clicit =3 ertibody resmonsc similar to that obteined by imrmun-
izstior ™ith the cazeansulated bacterinl bodies themselves.

Tic Tvne III Fncumococcue soluble specific wolysaccharide was
chorrn for this study. 3By cordernsing thie cowmound with »-nitro
beazyl bromide an ethicr of the soluble subetance woe obtzined which,
on roduction rith sodium Wyrdrosulohite yielded the p-amino benzyl
ether. Wicn this compound was diazotizcd and then added to an 8l-
kaliie solution of nrotein (scrum globulin). the two substances com-
bined. By chomical manipulation it was ~ossible to separate the un-
chnnged nrotein from the soluble comrplex and thus to obtnin a corju-
gnted carbohvdrate-protein contoining neither wbourd protein, nor
wibound smecific molyeaccharide. The chemical renctions may be re-

presented schematically thus:

i
.
%
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n-nitro benzyl cther

. bromide of thc Soluble Subetance
’ .
[ — t S

. === C --- .. CHy" :NH 81T . .. --- C --- CHz\‘_J-NzNﬂCI + Protein
| v~ 2 WnHO, T l )

n—aminnbcrzyl cthor of
Soluble Substonce

Ainzorniur derivative
of p-rrinovernzyl cther

_ of scluble substarce
-
- l -—

CHz -4 \. N =N _—— Protein
N’ '

Soluble Substancc gcerum globulin

Tre nrotein-carbohydrate comnlex tus obtained ~ns found
to be insoluble i:n the »resencc of dilute minernl acid, but soluble
in dilutec nlkeli. It cortaiced about 10 ver cent of bound cerbo-
hydratc. It rescted snecifically vith ~rtipmcumccoccus serur Tywc
II1I in dilution of 1:500,0C0. This conjugnted corbohydrate-»nrotein
has been used as an immunizing ngent ~nd it hns been fournd thnrt sue-
ceseive dnily dosor of 2 wge. of antigen given for five days, suffices
to elicit a snccific antibody resoonse. Tue sefﬂ of r-bbite thus
immunized, wrecivitate both the homologous antigen, and the arino
berzyl ether of the Tyme III mneumococcus svecific polysacchoride
in high dilutione, agglutinate svecifically Tyo- III oreurmococcd,
and confer maseive wrotectiorn or mice sgoinet infection with viru-
lert oucurococei of the horolegous tyoe.

Thn Tvne I soluble smocific subst~nce of Frcumococcus is ~n
ammholite conztnining beth free aminc and fres carboxyl groups. It
hns been found that if 2 alknlizne nquoous sclution of thies nolysmac-

ch~ride is sh~ken with » solution of w-ritro benzoyl chloride in

benzene, a dcrivative of thie molveacchoride is formed, coxntrining




nitrobenzoyrl groups‘covcri:g the arino grouns. This derivative is
specifically re~ctive with Type I antipncumococcus serum in dilutions
of 1:5,000,J00. When reduced this derivative yields an amine which
can be diazotized and couoled to wroteine. The chemic=1l renctions

may be representcd thus:

) ~H - RN 1 -\
reommm € N\:‘I,{' :r/c CO« ™NO, —5i. —o (‘: --- M - co{ w0 N225204

Soluble Substnonce ~-nitro behzoyl v-nitrobenzoyl

chloride aride of Boluble

‘ Substnnce
| . |

co === C --= NHCO/ \NH, NaNO, . .. --- C --- NH - 0{ V“¥=N-Cl + Protein
} HC1 |

n-n~iro benzoyl Dinzorium snlt

smide of Soluble

Subst~ace.

f —

\
ve ~== 0 -=<~ NECO+«  MN=N-Protoi
S l N :

(Soluble Subetance)

I: 8 similar manrer one may thus attach the Type I soluble
gubstonce of Preumococcue to any.protein to yield = conjugated carbo-
hydrate-nrotein., This derivotive will react with Tyve I axtipnewro-

coccus serur in dilutions of 1:500,000. Animals are to be irmrnized

#ith this derivative and the serological findinge will be reported
later.

3. Tho "C" fraction of Pnecumococcus: - When cells of on

uncncongulated R strain of Paeumococcus are broken um by freezing
and thawing, and the resulting solution ie heated to 100° C. in the
prescnce of 2 slight excoss of nacetic aecid, the soratic cecllular
protzine coagulate. In the filtrates from such coaguls there re-

mains a substance, the serolecigeal reactivity of which indicates




ite seoarate iccontity fro cther froctione of  Lew occccus cells.
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By nrecioitation with ~leodhsl in the »rescnce 5f  inererl acid, a

co~sousnd has Meen ieolatcd =hich givees none of the wsunal -rot-in

P . e e o e s S et et

reactions. The ~ateriol rotates the planc of ~olarized lignt about
25% to the right. It is not oroci-itable by the usual wrotein re-

agents. It gives only o veory faint biuret test. The substance

E ISP O Lok A

containg abeut 5 er cent of nitrocsen. It yielded 30 ~-r cent of
reducing eugnrs, calculated »s £lucose, on hydrolvsis. It is not

destroyed bv rolcolwtic onzyrce. Duc to the difficulty in collect-

ing workable quantitice, suficiont datas hes not vot bern gathered
to charact-rize this now eaccies-enceific subetance. It ar-cars,
nowever, to be & nolye~ccharide. Turther investigation is tcing
carricd on in order to deterrine aceuratcly the chomical naturc cf
Fraction YCW.

4, Deter-instios of the olccular size of the soluble

soeific substanccs: (Dr. Goobel with Dr. mabers). - Bxnericents
arc being carried ocut to doter~ine the —olecular gsize of the sicci-
fie wolyeaccharide of —neurococcus Tyve III, utilizing as & vethod
the ratec of diffusion of thevcarbohvdrate through ~orous rembranes,
znd detervining the ﬁinute concentration of diffused polysacchoride
coloriretrically. Although this research has not yct been cormleted,
sufficient data have, however, becn obtsined to indicete that the
nolysaccharide ie of high molecular weight, higher, probably, than
moet rotein.

5. Starches ag haptene:- The fact that the tyne-gnecific
~olvsaccharides of Pncumococcus way be rendered antigenic by cowbin-

ing them with foreign wroteir hes led us to belicve that common
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starches can also be rendered sntigenic by combination with wretein
carriers. The nitrobenzyl ethers of woteto starch and of corn starch
have becn wrejered, but unforturately these derivetives are totally
insoluble in water and in the usual cherical solvents. It was thcught,
therefere, that the introduction of a carboxyl zroun into the ring

of the condensing reagent rnitrobenzyl bromide, would rsnder the cor-
res~onding starch ethers soluble in water. Corsequently a bro-o ni-

trotoluvic acid was svmnthetized ir the following -anner from m-toluvi:

dine: -
CH CH CE
,,;’s o . O L3
[\ E; Q L, ‘\' CUCN 3 ) Br
WH, HC1 N:NC1 ‘EN 2 * COOH 1%ra violet 1light
BrCH2 BrCH2
4‘\ BNO :
A -,SB A
COOH COOH
Brem nitro teluic acid
This comnound hag bYern condensed with starch;
! b i RS i S
. ---C---0'H4+Br'CH . ,COOH — . .. ~-- C --- CH COOH
. R P 9 -
! ‘ No, l

' ' NO

' 2
to yield a starch ether readily eroluble in dilute alrali, but ineol-
uble in acid. By reducirg the nitro groum to the arino groun and by
diazitizing the latter and counling it with nrotein, s conjugated
etarch-aroteir derivative has been nrenared. Irmunization of ani-
~als with thie conjuzated carbonvdrate--rotein derivative are to be
carried out to deterrine whether stsrches way functiorn as ha-tens.

6. The relationehip between stereo irorerisw (geovetrical

- In weragrasvh 1 ~f this revort it vas

ghown that hexosidee which differ frox each other ornly in the swati-
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al configuratior of cne asymetric carbsn ator elicit different anti-
body res~onses desnite the fact that the chemrical cornfiguration of
the rerainder of the hexos molecule is in each instance identiceal.
Ir erder to sscertain whether this nhenovenon is confined to cowmounds
cortaining only ssvmetric carben atoms it was decided to study the
antigenic resense elicited by isomers of the cls-traze tyne.

"B~ C ~ COCH | H - C - COOF|

Maleric . i “and
|

{fumar|c ! acids are the classicsl
H - C - Ce0H, HOOC - C - ¥

——

exa~nle of this tyne of dworerier, and they were chosen to serve as
the hantens. In order to counle the<e acids to “rotein it became
r.eceseary to syrthesize the ~ono nitro aralides of these acids. Thie

has beern accormnlished by the followings synthesis:

o E. .
H  _COOH B _cotcl ¥/ o, E_ B0/ N0,
~ C - C \ . H C [
(1) A FCl._ I + ——— ¥
_c. Gl c C.
¥00C ¥ clo¢ % ¥00C H
Furaric aciéd furaryl chloride + citro analine
(2) H _ COOF H. co -
c’ c - 27H. - NO
' 2.7 2
! onﬂ R il 0 +
.C ' _C . ———-=
v - cooH B " CO
nitroanalire
¥aleic acid “aleiec azhydride
H '.COONFé\. Neo H o COOH
i EOH . il
C . G -
, ) ‘ . ) “
H CORH \_”,Noz B CONH R \02

a-nitroanaline salt of m-nitromaleanilic acid n-nitro malesnilic
acid
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These two comoundn differ one frov the other not in struc-
ture but in the geo  ~tricsel rclationehiv of thcir ators. The igo.-

crist can bcet be wndcretood fror the following diagraws:

’

o COCE H _CO0=

|
t
N7
L
~
o

B/ - COYH ".)1'02 Nop{‘) WECO g RN

n-nitro valeanilic =2cid p-nitro fumaranilic =2cid
The nitro groun of thcec two isomcre, which contzin no
asymetric carbon sto:'s, have becn rcduced and the corresvonding a—incs
have be~n counled to -rotcina. Animale arc to b2 irmunized with
thicse derivatives to ascertain‘;hethﬂr geowotrical teoveriss con cof -

fect s~ocific antibvody rcsmonec.

VY. Reactiong of Rebbits to Ianjectiong of Fneuvocoged and their FProductsa.

(Dr. Julisnclle).

A study hee toen wade of the chnngce which take ~lace in
rabbits followi.g tha rawonted introcutac~ous injcction of sus.on-
sions of heat-kilload -nouvococci. Tor the eals of covdnrison, o eim-
ilar etudy hne bo-r meds in norral robbite and in raddite trested with
pneurococei and their -roducts in various ﬁaya. The reactions inves-
tigated have been (1) the antibody res -onee, (2) resistence to infec-
tion, (3) the reactions at the site of injection, (4) the develoorent
of skin resctivity €o derivatives of Pneumococcus, (5) the develo wrent
of eye reasctivity, and (6) hymersensitiveness to Pneuwococcus and 1ts
aroducts. PBach of these reactions is sumrarized in the nresent revort.

I. The Antibody response. Sixty rabbits were ivrunized by the

reneated injections into the skin of srall doses of heat-killed -meu-
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mococei, Tyme I. In the sera of 53 of the rabbits no tyoe-siecific
antibodies were deﬂonstrated. vhile in the sera of the remsaining
animnls, the titre of ty-~e-smecific ~atitodies was very low, In 21)
cnees, however, ths cern —~osrerred hich titres of the = ccice-¢ cci-
fic antibodice.

Forty-five rabbits sirilarly irmucized by injections of hent-
killed Ty-~e III -neuococci nleo f-iled to form ty e-e~ccific astl-
bodieg, but did form ¢-~cire-o-ccific nntibodice. “orzover, nert-
killed sue enslene of R :ev-ococcl or solutions of thy urcterial
eubet~rcea when injectcd i:te the rkin stirulated the sroductien of
ouly r-ccies-swcific antitodies.

I11. Reeistence to infection. Folloving the intrscuteneous
injections of he~t-killed S or R mneumococci, rnbbite r~equire a rarked
dcgree of resistarce to intravenous injectione of virfilent organie ¢,
and this is true whether tue »necurococci injccted be of the sare tyoe
or of = differert tyse fror that ernloved for i~vunization. On the
other hand, rcooated intracutsnesue injection of the soluble nroteins
of the eell 1= not fwllowed by an increased resistance to infection.
The sera of both resigtent s»nd non-resistaut animele, in grneral, fail
to nmroteet white mice agsinst infection by organisrs of thc hovolo-
gous tyse. Fovever, the scra of nbout 20 »er cent of the rabbite
injected intracutaneouely with Tyme I Pneurococcus, were found to
contain varying quantities of orotective antidodics. It is secw,
therefore, that while the antibody resvwonse to the intact celle ard
solutiens of the ccll is eseentially the sare (i.e. SQCCiGS—S‘CCifiC)
the acquisition of resistance to infection is characteristic of ouly

the animale rcceiving the intact cells,
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III. The reagtion at the Site of Injection. The intracutan-
eous injection in nor 2l rabbits of 0.2 cc. of heated -~ ew ococci, re-
nresenting the bacteria from 2 cc. of dbroth culture is followed by a
Circumscridved, sliehtly raised, and indurated nodule, measuring about
1 e¢m. in diareter. Upon repeated injection of the same srount of bac-
terial susnension at weekly intervals, the reaction beco~es more in-
tense in character and greater in size until 4 to 6 injections have
been made, after which the reactions becomre increasingly ~ilder. 1In
the more intenre reactions, the size increases to 4-6 cv. in diam-
eter, and the ekin is marVedly elevated and of a deen red to -urplish
hue. The raiced areas ir eurrounded by an areols of erythema and out-
eide of this the ekin may be ederatous over a considerable area. Fre-
quently necrosis of the ekin occurs with cischarge of a sterile, puru-
lent raterial. ™hen necrosis does not occur, the disaimearance of the
lesione ie delayed and the time required for regression is related to
the intensity of the reaction. This heightened skin reactivity to the
bacteria is robably dewendent uvon some elteration of the tissues
themselves since transfers of serur fror~ highly reactive to norral
rabbits does&not endow the latter with the nrovnerty of increased ac-
tivity,

It should be vpointed out that frecuently a secondary reéc-
tion ray occur fpllowing the disam»earance of the srimary reaction
to the first injection. ‘This recrudescence occurs even without a
second injection and is mrebably evidence of the develomrent of hy-
versensitiveness.

IV. The develonrent of skin reactivitv to derivatives of

Pneurococcus. Following a series of intracutaneous injections of

heat-killed pneurococci, rabbits acquire an increaced skin reactivity
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(1) to the wveleo rotein of Paew acncous ~2 (2) to an extract of
the bacteria frorm which the acid-rreci:itnble and heat ccagulable
vroteins “ave been revoved. In terms of bacterinl enecificity this
skin reactivity muet be considered ng es-ecies-e-ecific, snd it »an-
nears to be related to the “rrsence of circulatiig ¢ ~cics-s-ecific
antibcdies.

A ei-ilar skin re~ctivity has been “reved to osccur in rob-
bite follawing the reverted ad-inistration by the intrnvenous -r
intracutanceus route. of the hest-¥illed bectrrie or their ‘roterin
derivetivea. The skin reactivity, therofors, occurs in both r-eis-
tent =acd ion-raristant ~nivela.

V. Tha develovrent of rcve rerctivity to derivotives of
Fneurococcue. It wns olso f u.d thot c rt~1 of ths radoits be-
core cye ronctive after roceivirg intracutos-uve i, jectious of in-
tact celle. If the cornan is ecarificd aud then the nuclcorotein
of Bueurococcus ie Hlaczd in the co..juactival soc, in about 60 Lor
lcent of the rabbits an ~ye reaction ajears within 24 hovre ~ud
then increases ir intoneity for varying -oriods. The renction con-
sists of congeetion of the conjunctiva and the npsesrance of dilet-
ed canillariees at the sclero-correal margin. In some radbbite, the
correa is also irvolved and therc is the develowront of turbidity
and, less frequently, the formstion of 2 w»nnus. The cye reaction:
algo is soccics-snecifie. It has been found thet not infrequently,
the intraverous injection of rnucleonrotein, after all evidernce of
the eye reaction have cormletelv disa-weared, may cause the rean-
nearance of ths ~ve reaction. In cortradiectinctior to the ¢kin

reaction to nrotein, the eve recactions do not oceur in rabbits fol-
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lowins intravenove i1 -unization with tre ictact cell, or following in-

“unizati.n by suny route with solutione f rotelne of tize cell. So
t1at while s¥in resctiors occur in -on-registsnt 2.4 resietant ani-
‘ale nlike, the eve renction, o tve other hand, occurs only i-. the
reeistant rabbits,

VI. Yynersengitiveness to Fneu ocaccus nud its derivotives.

There were certain reesoae f-r believirg thot the skin reactivity to
the bacterisl arntein reserbles the Arthus reaction, while the eye
reactivity see~e to demend uvor sove factore which are different fro-
those o-erative in the skin reactivity. It see-ecd ~dvieadle, there-
fare, to study simultoneously the Arthus reaction to egeg alburin, the
develonrent of increased skin renctivity to the bacteria therselves
and to the -rotein of Pneurococcue, and the develo vent of eye reac-
tivity. A sumory of thieg commarative study is reseanted in the ac-
cormanying table. (See Teble I). The imvortant noints in this table
not already ventioned are (1) that the skin reesctivity to maeurococcus
wrotein ean be transferred by serum fro- » renctive to a normsl rab-
bit; (2) on tie other hand, the cye resctivity cznnot be thue trans-
férred. In othér<words. the skin reactivity ascears to oe an examyle
of the Arthus reaction to a bacferial protein, while the eye reactiv-
ity afgears to e a>sqecial typ@rof geneitivity. o |

VI. Active Irmunity to Pneumococcus Infection Followlag

Injectione of the Soluble Soecific Substance.

(Dr. Julisnelle).
Caspar and Schiemsnn originally called attention to the =n-
tigenicity of the Soluble Smecific Substance of Pneurococcus. In n

more recent covrunicntion, Schiersnn repested the study of the immun-




Reactions of Hypersensitiveness in Fabbits
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Teactiors

—

Foiléwing repeated irjections

of egeg albumin

of Pneumococcus grotein

Hcllowing rereated injections Following repeated injections of
heat-killed pneumococci (Tyre I

Intracutaneous Intravenous | Intracutaneous! Intravenous! Intracutaneous |Inpraveous _

Reaction 1st 3 inject.- lgt 3 injec.— lst injed.+

at slte 4tk - 10th "+ 4th - 10th"+ Increase in

of eack intensity until
injection 4th-6th injed.

Then de crease
in reaction

Develop~
ment of )
circulat-

ing anti-
bodies - - - +
(a)type-

specific
(b)species
specific + + + + + + i
Active
Resisténce - - + +
Increased

gensitivity] _ ,
(a) skin + + + + + +
(b) eye - - - - + -
Transfer of]

sensitivity

(a) skin + | ¥ + + + +

() eye = - = = = =

+ indicates presence of reaction

-~ indicates absence of reaction




ity cf wice to wcu-ococcus infecti:n following injections of the enr-

bohvdrate derived fro~ Pneurococcus, Tyve II. ¥e -~ointed out th~t the
imrunity develon~d only when very e-nll qu-ntities of the ~olvencchor-
ides are injrcted ~nd the reculting iwmunity is ty-e-s-ecific.

Exnerivcnte have been undcrtaken to deter-inc, therefor-,
whether the -olveacchnrides of the three tyons of Fneurococcue =rs an-
tigenic, in the scasc thot they will stirulste »n =ctive iscunity; ~ac
if so, what gquantity of the mhlysaccharides is bost for thie rurioss.

It wne “oup?® thet the crrbohvdrates & rived fror Tyoc I or
Tynwo III, irr-«-~ctive of the .cthod choscn for injrction 2ad of the
guantitice uend, did nct stimul~te in_micc a atate of rceistance to
Fnoumococcus infeetion. The tosal quantitics of corbohydrate studied
vried in cach eoe~ Fro 5.0 tn .00005 rgm,

Whon T~ II -olvengcharide wne emnlov~d, it was found that
fmrunity to infeetion could bn induerd in wicr when avnll guentities
of the soluble r--cific substance were injected. The totnl guontitics
injceted v=2ricd from 5.0 to .0001 meaw., but only ~rounts of from .005
to .00005 v=r. stimulated ~ny dogree of irmunity. The ostimum dosage
wag .0Cl ~gm. In th~ last instnnce, th~ imrunitv induced was corver-
sble to thet induc~d by the injection of heat-killsd Tyme II mncuvo-
cocci. The i-runitv, ~or~over, was highly tva~-sccific. RoDbite
and guinen sige werc alse injected with diffcrent quantities of Tyme
I1 olvesccharide, but it wee not noesible to shov thot cither of theoge
two sHcciece had ~cquircd tyre-snecific i-. unity.

In conclurion, it waywbe gnid thot with the quantities emr-

2lor d, no imunity wns demonestrated following injectiors in rice of
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Type I or Type III carbohydratce. When injections were ade with min-
ute quantities of Tyve II vwolvesaccharide; a definite degree of irrun-

ity was demonstratcd in mice to infection by organiers of the hovolo-

gous ¥yne. Irmunity was not demonstrated in rabbits and guinea nige,

following thc injection of Type II soluble soecific substance.

VII. Irmunity Induced in Rabbits by

Inhalation of Virulent Fneurococci.

(Dr. Stillman)

Studies nlanned to deter~ine the relatlon of virulence to
sugoedtibility of rabbite to infectien ani to deter—ine the nature
and character of antibody reenonse following inhalation of live pnou-
rococcl are still in wregress. Rabbits are susceatidle to fatal in-
fections following inhmlation of Ty—e I preurococci. Tyre II nncu-
mococci whose virulence for rsbbite has been increased by aniral
Hassage, and by certain naturallyrabbit virulent strains of Tyne II I
nneumococci. Rabbits are not subject to fatsl infection following
gnraying with the usual strains of Type II pneumococcus, or with the
rajority of strains of Tyoe III nmneurococcus. The results of the in-
fectione following inhalation of oneumococci vary in direct provor-
tion to the virulence for rabbits of the strain used. Some rabbits
will even recover from a trensient septicemia due to virulent Type
I or Tyve II pneumococci, but in the case of rabbits exposed to in-
halation of virulent Tyne III pneurococci, if the blood is once in-
vaded, a fatal septiceria always ensues.

Following inhalation of Tyne I vneurococci, agglutinins

and srotective antibodies are ant to amrear in the rabdit's sere.
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After svoraying with a strain »f Tyme II pneurococcus rvhich has heen
rendered rough and avirulent, neither of these antibodies occur. If
rabbits are reveatedlr sprayed with a slightly virulent nneuwococcus
Tyne I1 S. orotective antibedies only ammear in the blcod. If a rab-
bit virulent Tymwe II pneurococcus, however, is used for inhalation
both agrlutinins and orotective bodies may develop. TFa#llowing inha-
lation of either a non-virulent or a highly radbit virulent strain

of Type III pnew-ococei, neither agglutinins nor -rotective antibod-
ies anoear in the rabbit's bleod.

The sern of 2 rabbits which have survived treatrent and are
now living, al-®st 4 years (1310 and 1360) days after their last ex-
~osure to Tyme I ~neu-ococci, still protect wice against infection of
large doses of a viruleat culture of the sare type as that with which
they were origirally gnrayed.

VIII. Antinn Protective Actien of Normal Pig Serwr
(Dr. Kelley)

Bull and MdKee have reported experiments in which wice and
guinea pigs were protected against meny tires the lethal dose of
paeurococci by the injection of normal chicken seru~. It apncared
that thie ovrotective action of the chicken serum was associated with
the serur globulin.

In studying ~hagocytosis of mneurococci by serun-lcucocyte
~ixtures Robertson snd $ia ebserved a marked oveonic activity of the
sera of naturally resistant aniwsls.s Thie was found to be esmeei-l-
ly characteristic of the serum of the -ig. Sid observed that nor.al
pig scrur would also confer on ice a romarksble degree of »ageive

nrotection sgrinst pncurococcus infection. In cases of Typc I and




II Tarurococcus, rotection assinet 10,000 “~t=1 doses was obt-~in-d.

He also deronstrated by absorition ex-erimcnte thet this wrotective
rction was saecific for ench tyre of Pncumococcus. At varisnce with
tae vi‘dcly scerpted ecllular th-orv of natur~l ivv-unity, hore ~ro in-
stances of a naturally occurring huroral defense mechoenism. Tho i -
suna sronertiess of the scorum ar~ -aecrsivelv transeforsdls and ~ -~or
to bc tysec~emecific in action.

The studyr in -rogress is an 2tte—:t to rom-at thr~ work of
Sia and to furthor snslyze the ~cchanis— of thr ~rotoctive nction of
wig eseruz. The ecrun ie obtsined fro~ the blood of wor 21 :igs col-
lected at slaughter, and is steriliznd by Berkfeld filtrotion.

As found by Sin, the frosh sorue sgiven introc-ritor--il
nrotects wice romalarly agninet infection with 1,000 to 10,000 iat~l
dosce of Myac I 2ad Tyse II pncurococei. Tu~ drrrec of —rot-etion
varice somcvhet with the individusl lote of ssrus. Tith the e-rn so
far studied the zreatcst dcerce of rreietoucc to infoction hag bren
conferred on ~icc agsinst infcction with Pnrumococcus Ty~ II. Talse
protoctive capacity diminishes gradunily on standing so tint ia the
lots tosted it was comnleotely 1ost'aftcr 6 to 12 woeks. There ie o
suggestion thot the arotective -rowcrty is conscrved by storing the
sorunm at a low termerature =nd by covering it with a vascline sesl,
Thether the nrotective powers of th~ serum agninat »ll the diffcorent
tnoe of nncusococel disanmear simmltaneouslv has not vet bern deter-
~ined. ¥rating the seruw at 60-62°C. decetrove ~ll, or very nenrly
all, of ite nrotcctive action. Uander tho eame conditions rntipneu-
macoccue horse serur €hOWs 110 anﬁrﬂciablb loss of wmrotcctive ower.
The addition of.lo per cent untreated ->ig scrun, oreviously inncti-

vated Uy honting, frils to restore the nrotoctive action.
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Toe ontimal protective dose of the nig serur seemes to lie
between 0.75 cc. and 1 ec. As Sia rermorted, the greatest degree of
nrotection to mice is afforded wvhen the serum is injected intraner-
itoneally 4 hours before the infecting dose of Pneurococcus culture
is givea. The nrotection, though quite dietinct, is not of the
sa~e degrec when thc serur is given simultancously with thc culture.

The observations that the -~rotective factor is associated
7ith the globulin fraction of the »ig serum has been €onfirued. To
aporeciable amouht of thie cejacity seems to be lost in the 9rocess
of sevwaration of the globulin by ~recinitation with armoniw: suloshate.

In our exveriwents go far, ebsoration with virulent wnnewro-
cocci of a given tyne has rermoved the wroperty of ~rotecting rmice
against infection with the homologous tycse. In addition, the degree
of mrotection afforded by the sbsorbed serum against heterologous
types of mneurococcl ies decreased. A surorisingly few nreumococci
are required for the absorption. The time mecessary is likewise short.
There is a suggestion that wrolonged absorntion with a large rumber
of wirulent or avirulent pneumococei may commletely deprive the serum
of its mower to vrotect mice against infection with either homologous
or heterologous. tynes of Pneumococcus. Preliminary studies in which
Fneurococcus volysaccharide was added to- the gerur 24 hours before the
nrotection teste were made indicate that the serum hae not been alter-
ed in its nrotective mower by this treat—ent.

Aczlutination and protection tests have been »ade with a
serun which nrotects mice against 10,000 lethal doses of Type I or
Tyove II pneurococci. Desnite its nrotective action, the serum failed
to cause agglutination of Type I or Type II pneumococcus. The precip-

itin tests, using the vneumococcus olysaccnerides derived from Type I
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Tryc I1 “novrococeci, wrve likewisc bs n negstive,
So far, atte~mts to degrade a virulent § strairn of Pncuococcus

. an avirulent R form by growth in nig scrum have not toon successful.

arococel sensitized by the sorur shor no loss of virulence. It has
been learned Thether or not sensitizstion of mnrurococeci in »ieg ecr-
has aav effect on their agelutinability in antivrcurccoccus horsc scrur.
In view of the fact that cert-in substrrce~e, of themeclves not
tizenie, ~hMen injected intravenously into sr»i-als along with nig seru~
' sti~ulatc antibody resmonse, it is thought deeirsble to lcarn if such
NShlemme" action ~ay be obtained ir thc case of -mru-ococtus -olyeac-

..rides. Rabbits arc being i—wunized with rixtures of :ig serus aud tac

Jiysaccharide of Tyove II wneu-ococcus to deterin vhether, under thesc
nditioas, the non-antigonic sugars ray stivulate the forration of tyne-
~ceific antibodies.

1X. Sisnificance of Oxidstion-rcduction Fhcnomena irn tiae Bacterial Cell.

(Dr. Dubos)

1. The role of veptone and <wlucose in the initiation of growth

+f Pneumocogcii~ Preliminary analyses of the oxidstion-reduction system

af the Pneumocgccus cell, and ef the oxidation-reduction characteristics

of sterile bacteriolozical mredia, have veen diecussed in a »revious renort.
On the basis of the data obtained and of certain growth exver-

iments in media treated in various ways, it wee suggested that: (a) the

gzrowth of Pneurococcus is conditioned by the existence in the ~edium of

a certain condition of reduction, (b) there are mresent in ordinary rwe-~

dia certain vroducts of oxidation which have a bacteriostatic action on

Fneumococcus. It was found that this bacterioststic sction csn be over-

cove bv various methods; addition of reducing aubstances, incubation
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uncer anaerobic corditions, 2ddition of blood, hesting the broth ovre-
vious to inoculrtion avd v uein~ » large inoculur.

The work of the ast year has confirred 2.4 extesded these
observations. It ammears that, vhen solutione of neotonee are kent
under aerobic conditions, tuey beco~e bacteriostatic for Fuewrococcus.
This bacteriostatic mower does ot develon wnen pevtone solutions are
kept under vaseline seal. The bacteriostatic vower variee with dif-
ferent penmtones; it ie for instazce, 3 to 4 tines greater with Fair-
child's than with Witte's veptone. The bacteriostatic action of the
ventene solutions may be vrevented by the adéition of emall awounts
of reduced thio-acids, by heating in the oresezce of glucose, by the
adcéition of hested glucose, or by incubatie: in the ~resence of glu-
cose under anaerobic conditiens.

Studies concerning the mechanism of the action of glucose
are still in orogress, they =eem to indicate, that under thec condi-
tions'of our experiments, the reducing properties of the glucose so-
lution are ruch increased, as a result of a rearrangement of the glu-
cose molecuieaqr the formation of new substances fror it.

The;eféiperiments indicate that the bereficial action of
heatiig broth pfevious to inoculation with anaerobes is due not only
to the ~rechanicai réw:ovalrof the oxygen irn folutiorn but also to the
action of the glucose on the pentone. |

2. The role of carbohvdrate ip biological oxidatiops ard
reductions. Exneriments with Pneumococcus. We have been that a
large inoculum of Pneumococcue culture cen overcome the bacterioétatic
action of pentones. This can be accounted for.by the actively reduc-

ing system which is formed when Pneumococcus cells are placed in the
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resence of mlain broth., 4#n snalyeis of this eytcm has given the fol-
lowing results.

The washed cclls of Pneumococcus are able to reduce the var-
ious indicators of oxidation-reduction votentials in the -reseance of
zlucose. Oxidized thiol commounds (glutathione, cystine, oxidized
thioglycollic acid) are likewise ranidly rcduccd by glucose in the
~regence of washed cells of Pneurccoccus.

The Pnewrococcus-glucosc systex is sble to form neroxide

under aerobic conditiore. Thoee substancecs +hich form peroxide in

the wresencc of Pneumococcue cells are slso the ones which are active

in changing hemoglobin into methemoglobin under the same conditions.
The nower of washed cells of Pneurococcus to reduce methylene

blue in the 7resence of glucose is dependent on at least 2 constituents

of the cell. One of these can be readily removed from the cell by wash-

ing. The other is removed or inactivated much more slowly by the oroc-
ese of washing and is destroyed by heating for 10 minutes at 55° C.

These observations indicate that the expreseion "reducing

oower of bacterial culture" muet be used cautiously, since this reduc-
ing nower is dependent not only on the nature of the bacterial species,
but aleo on the mresence of definite retabolites.

They also indicate‘that the cell-glucose syster can act as a
reducing agent, whicﬁ'can correct the bacteriostatic action of the men-
tone, thus Dermitting the growth of Pneurococcus even in an unfavorable
rediur, provided the inoculur be large.

23, The role of oxidation-reduction processges in bacterial

variation. A culture of Type III Preurococcus, maintained at 39° C.

in media containing 5 wer cent beef serum, or 5 per cent horse plaswma,
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has Been observed to undergo diesodation, most of the orgsiisws choag-
ing to R forme after 2 wecks incubstion. The same culturc, iz the
same mediur, at the samec tcmerature, but under voscline eeal, rewain-
ed unchanged (100 per cent S) after the =same length of time.

On seoveral occasions, we have bean sble to revert &n R cul-
turc derivcd from Tyve I1I Prneurococcus, to a tyvnical, caca-suleted.
and viruleat S culture on recoeated transfers iz th- following —czdiu-,
nlain broth + .3 ver cent glucosc + .05 ner cont thioglycollic 2cid,
nrovided the culture be kent undcr veegnline ecal.

The conditiors required for roversion sr~ not, as yot clcar-
ly defined and we are rot mlwaye successful ir remcating thess cxeri-
ments. However, there is no doubt that thc statc of oxidation-rcduc-
tion of thé rodiuwr is one of the factors irvodved in thc rcversible
change fror the cangulated, virulqnt, smootl: Prnourococcus to the R

varient.

X. The Decommogition of ths Swecific Polyeaccharide of

e curococcus by a Bactorial En

Previous studies from this departmont have cestoblished that
the specific volysaccharides of Pneurmococcus are not decommosed by any
of the body enzywes, nor ars they attackcd by the comron bactcrisl, ac-
tinomyces snd molds. Theso polysaccharides have in particular be-n
found resistant to all kmown carbohydrates snmlitting cnzymes. Wo have
succeeded, however, in isolating a microorgeniem thst decomposes the
goecific pélysaccharide of Tyve III Pneumococcus in a wediuw contsin-
ing only mind®sl salte. Thie organism ie a rinute, enors forring,
grar nogative bacillus, which vassecs through a Berkefeld V filter.
Its action is very saecific. It attacks only the enececific nolyeacchar-

ide of Tyme III Pneumococcus, but rot that of Twvme I and Type II, aud

jff §
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does not ferwent ordinary sugars. This ricroorganism gives rise to an
extracellular enzyme which also decorjoses the snecific -olysaccharide.
The decormosition of the molysaccharile leaves reducing sugars which
no longer react with Tyve III antiserur.

This loecs of reactivitr, and the snecificity of the enzy: -
tic action on only one of the tyne nolvsaccharides, is a further nroof
that these polysaccharides, and not imourities carried along with the ,
are really the subetances resvonsible for snecificitv. Thie had deen
shown previouelv by*'the disav-earance of the reaction of the “olysac-
charide with specific antisera following chemical hydrolyeis. REut
this treatment was of course s very drastic one and could have affec-
ted at the same time the hyrothetical i-vurities. It is not likely
that such an objection would be fustified in the case of the wuch
milder action of the enzvre.

It will be interesting to deterrine whether the adlition of
the hydrolysing snzyre to a wediur seeded with encavsulated vneu—ococci
will affect the formation of the camnsule (which ie ¥mown to coneist
largely of the specific nolyssccharide).

Ve are aléo considering exmeriments to deterwine whether the
injection of the svecific enzyme into suscentible animals will increase
their resistance to infection with Type III Pneumocoééue by rendering

the cells more vulnerable to nhagocytosis.
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